Summary:
Flunarizine 
Introduction
The calcium antagonists (Ca-antagonists) are a group of organic substances that inhibit Ca 2 + influx into cardiac and smooth muscle cells (Fleckenstein, 1983) . Both contraction and relaxation of the muscle depend on the intracellular concentration of Ca 2 + ([ Ca 2 + ] ), and Ca-antagonists can reduce the contractile force of muscle by lowering the [ Ca 2 + ] . Caantagonists at doses that do not lower the vascular perfusion pressure in the brain significantly increase the brain blood flow (Germano et al. 1987; Takayasu et al. 1986 ). Flunarizine, (E) -1-[bis -(4-fluorophenyl) methyl] -4-(3 -phenyl-2 -propenyl ) piperazine dihydrochloride, is a piperazine Ca-antagonist that was developed in 1986. This drug has relatively weak inhibitory actions on contractions and conduction in the heart, while it effectively dilates blood vessels, particularly those in the brain.
• 
Effects of flunarizine on the neuronal response to high K+ solution
The resting potential of CAl neurons was decreased reversibly by approximately 20 mV and 35 mV during a 2-min n exposure to 15 mM and 30 mM K+ Krebs solutions, respectively (Fig. 2a, b) . The input resistance was reduced during the depolarization. Superf usion with a high (60 mM) K+ solution for 1.5 min depolarized all the neurons to-10 mV. Switching back to the control Krebs solution partially restored the resting potential to approximately -25 mV in 1.5 to 2 min. Then the potential tended to decrease again and gradually approached 0 mV (Fig. 2c) , when the neuron developed an irreversible state of electrophysiological dysfunction which was characterized by a marked reduction of input resistance and lack of responsiveness to electrical stimuli even when the membrane potential was repolarized by anodal currents. The irreversible dysfunction of hippocampal neurons occurred following a short exposure (1.5 min) to high (over 60 mM) K+ soiutions. The resting potential of the neurons (mean of control, -73 mV) was reduced to approximately -20 mV and 0 mV by superf usion with 60 mM and 70 mM K+ solutions, respectively.
These depolarizations and the associated reductions of input resistance could not be reversed after replacing the high K+ solutions with the control Krebs solution.
A rapid depolarization of hippocampal pyramidal neurons to approximately -40 mV or a more positive level by injecting cathodal currents should open the voltage-dependent Ca2 + channels and result in an inward flow of Ca ions (Johnston and Hablitz, 1980 et al. 1978) . The time course of the membrane potential changes after exposure to high K+ seems to be in keeping with the above considerations. As illustrated in Fig. 2 c, the intensive depolarization induced by 60 mM K+ was temporarily reversed for 1.5 to 2 min after switching to the control Krebs solution.
Thereafter the membrane progressively depolarized to 0 mV. During that 1.5 to 2 min, activation of the arachidonate cascade may have taken place and caused a secondary incease in the intracellular free Ca2+ concentration which would eventually induce the irreversible membrane dysfunction.
It should be added that the [Ca2+] is regulated not only by the above-mentioned processes, but also by Ca2+ influxes associated with the activation of receptors for glutamate, ace tylcholine, noradrenaline, ect., by Ca2+ release from intracellular Ca sequestering sites, by an ATP-dependent Ca2+ pump, and by Ca excretion via Na+-Ca2+ exchange diffusion. The chemical transmitter that mediates the EPSP of hippocampal pyramidal neurons appears to be glutamate (Crunelli, Forda and Kelly, 1985) . High K+ would facilitate the release of glutamate which would activate the receptors and induce a Ca2+ influx. This glutamaterelated Ca2+ influx, however, does not appear to significantly contribute to the intracellular Ca2+ accumulation that is responsible for the membrane dysfunction; because f lunarizine which effectively prevents the dysfunction has almost no inhibitory action on the EPSP. Moreover, unpolished findings demonstrated that pretreatment of the preparation with procaine (3 mM), which reduces the liberation of Ca2+ from intracellular Ca2+ storing sites, cannot prevent the K-induced dysfunction of the neurons. This indicates that the intracellular liberation of Ca2+ is not a major factor in the cytoplasmic Ca accumulation that directly leads to the neuronal dysfunction.
Flunarizine cannot be considered to fa-
